Abstract Coexistence of food insecurity and obesity is expected given that both are consequences of economic and social disadvantage. Food insecurity and obesity are positively associated in adult women but not men. There is some evidence of association in adolescents, but mixed results for children. Distinct from adults, children experience cognitive, emotional, and physical awareness of food insecurity and take responsibility for it by participating in adult strategies, initiating their own strategies, and taking action to obtain additional food or money for food. Food insecurity is detrimental for children, being associated with behavior problems, disrupted social interactions, compromised school performance and attendance, poor dietary intake and physical activity, altered daily activities, and poor health. Some of these outcomes increase the risk of developing obesity. From life course, cumulative inequality, and developmental perspectives, child food insecurity may have long-term effects, including on risk of obesity. Pediatricians can help identify and respond to children who are food-insecure and at risk of obesity.
Introduction
Across the globe, both adult and child overweight and obesity are increasing, with the rate of increase faster among children [1, 2] . In low-and middle-income countries, early prevention of overweight and obesity have become concerns that coexist along with long-standing concerns about under-nutrition and its consequent impact on morbidity, mortality, and impaired child development [1] . In high-income countries, the dual burden of inadequate nutrition and overweight and obesity has been highlighted for some time.
Over the past 20 years, the coexistence of household food insecurity and obesity has been labeled a paradox, but we now know that there is nothing paradoxical about this coexistence [3] . When this label was introduced, there was little knowledge of the causes, mechanisms, and consequences of household food insecurity. When the US national nutrition monitoring system began, the conceptual framework that was used depicted that poverty resulted in household food insecurity, leading to poor dietary quality and quantity, under-nutrition, and poor health [4] . Spurred in large part by the development and use of questionnaire instruments to assess food insecurity through queries about individuals' experiences and perceptions of food insecurity and behavioral responses to it, substantial new knowledge about food insecurity has been gained, leading to a more comprehensive conceptual framework [4] . Both in-depth qualitative and quantitative studies in the US and other countries contributed to this new knowledge [3] .
Household food insecurity occurs when an individual or set of individuals experiences uncertainty about future food availability and access, insufficiency in the amount and kind of food required for health, or the need to use socially unacceptable ways to acquire food [4] . Several closely linked consequences are potentially part of the experience of food insecurity. Hunger and malnutrition (i.e., undernutrition or obesity) may be experienced as part of food insecurity. Closely linked social and psychological consequences of food insecurity may include worry and anxiety; feeling alienation, deprivation, and distress; and adverse family and social interactions [4] . For example, household food insecurity in Burkina Faso is closely linked with concern, worries, and anxiety, which eventually result in weight and sleep loss; feelings of alienation (e.g., shame) and deprivation (e.g., guilt); and disrupted household cohesion leading to disputes and difficulties in keeping children at home [5] . That is, closely linked consequences of food insecurity occur through both nutritional and nonnutritional pathways [4] . Furthermore, because food insecurity is a powerful form of economic and social disadvantage, and food needs may compete with other needs, food insecurity leads to changes in behaviors, some involving trade-offs among needs. People experiencing food insecurity may reduce investments in productive assets, education, and children; avoid risks regarding means of production or earning; and emphasize survival over other goals by migrating or diversifying livelihood strategies [4] . Therefore, there are many potential outcomes related to food insecurity.
Knowledge About Coexistence of Food Insecurity and Obesity
Recent reviews of the association between food insecurity and obesity have reported mixed findings [6 • , 7, 8, 9 •• ]. Overall, these reviews suggest that food insecurity and obesity are positively associated in adult women but not in adult men. There is some evidence of association in adolescents, but mixed results for children. Few studies support a linear relationship between food insecurity and weight outcomes. Furthermore, the association between food insecurity and obesity is modified (in addition to gender) by marital status, stressors, and participation in food assistance programs. These reviews have also pointed to methodological needs in future research, including the use of longitudinal studies rather than cross-sectional studies, development of tools to distinguish acute and chronic food insecurity, and greater inclusion of food security measurement tools in regional and local studies.
More recent studies have shed further light on possible mechanisms for how food insecurity and obesity might be linked. Obesity has been discussed as a physical expression of the vulnerabilities that arise from the intersection of gender differences in childcare expectations and poverty [10] . Related to this, deprivation and restricted food choice that are associated with low socioeconomic status enhance food reinforcement (i.e., a positive feedback loop in which food eaten in response to deprivation is eaten more frequently), increasing risk of obesity [11] . Greater concern about future overweight in infants leading to controlling feeding styles represents a potential mechanism by which food insecurity could be related to obesity in children [12] . It is possible but unknown if children reflect maternal stress and manifest it in overeating, or if children model maternal eating as a coping mechanism.
The association of food insecurity and obesity is likely modified by some additional factors, at least in some contexts. For example, children of underweight, overweight, or obese (i.e., not normal weight) mothers had greater odds of obesity with persistent household food insecurity compared to those with persistent household food security [13] . An increase in maternal stressors (e.g., unemployment and disability) amplified food-insecure adolescent's probability of being overweight or obese [14] . Dietary restraint is another potential modifier; women with low dietary restraint and experiencing marginal food insecurity may be at high risk of weight gain [15] .
Food Assistance, Food Insecurity, and Obesity
Concern that participating in food assistance programs might exacerbate obesity goes back to at least 1974 [16] . Long-term participation in the Supplemental Nutrition Assistance Program (SNAP) may increase risk for excess weight gain [7] . The evidence that this may occur is limited and is primarily based on observational studies. For example, food assistance program participation was associated with increased body size in food-insecure youth but not food-secure youth [17] . Participants in emergency food assistance programs with food insecurity were more likely to be overweight or obese compared with participants with food security (80.5 vs. 61.5 %, respectively) [18] . The use of emergency food assistance may help minimize food insecurity while providing access to foods with varying nutritional quality that may be associated with increased risk of overweight and obesity. The prevailing view is that, if participation in food assistance programs exacerbates obesity, the effect is small [6 • ].
One randomized study recently has been done of the effect of a program in Mexico which provided poor rural households with cash or in-kind transfers on the body weight of adult women [19 • ]. Women receiving a food basket or cash had significantly increased weight (70 and 53 % increases in weight gain, respectively) compared to the control group over 23 months. The greatest effect was found in the already obese women, with no effect among women who were not already overweight or obese. These results highlight the need to provide cost-effective health promotion to complement food assistance to help participants choose healthy foods that improve the nutritional status of all family members. Health promotion efforts should be targeted to those most at risk and who could most benefit.
Another recent study using US national data and modeling techniques examined two potential modifications to the USDA's Supplemental Nutrition Assistance Program (SNAP) to promote healthy food choices [20] . One potential modification is to ban use of SNAP dollars to buy sugar-sweetened beverages and the other is a subsidy in which for every SNAP dollar spent on fruit and vegetables, thirty cents are credited back to participants' SNAP benefit cards. The authors found that the first modification (i.e., ban on purchases of sugar-sweetened beverages) would significantly reduce prevalence of obesity and incidence of type 2 diabetes, especially among adults and in some racial/ethnic groups. The second modification would not significantly affect obesity and type 2 diabetes, but could increase the proportion of SNAP participants meeting guidelines for vegetable and fruit consumption.
Child Experiences of Food Insecurity and Obesity
Household food insecurity substantially affects children. Food insecurity is associated with children's behavior problems, disrupted social interactions, compromised school performance [4, 21] , poor dietary intake and lower physical activity [22] , altered daily activities and school absenteeism [23] , and poor health [24] . Some of these outcomes could increase the risk of developing obesity. For example, a food-insecure child could have more access to foods of low quality and high energy density that are ready to eat, especially if the parents are not at home. In Venezuela, food-insecure children more frequently ate salty crackers and less frequently ate papaya, banana, and salad than food-secure children [23] . Children with food insecurity watch more television to forget they are hungry [25 • ]; watching more television may increase risk of obesity [26, 27] .
Children's experiences of food insecurity are distinct from those of adults. As explained below, children experience cognitive, emotional, and physical awareness of food insecurity and take responsibility for it by participating in adult strategies, initiating their own strategies, and generating resources [25 • , 28 •• ]. Cognitive awareness refers to children knowing that food is scarce and how their family manages food problems. Emotional awareness refers to feelings of worry, sadness, or anger that are linked to food insecurity. Physical awareness refers to physical feelings of hunger, pain, tiredness, and weakness that are linked to insufficient food. Participation refers to going along with adult strategies for managing resources for food. Initiation of strategies refers to actions that the child takes to stretch existing resources for food. Generation of resources refers to action taken to obtain additional food or money to obtain food. In low-income populations, children frequently experience each of these aspects of food insecurity [23, 29] .
These child experiences of food insecurity have potential implications for development of obesity. Emotional awareness of food insecurity could be related with obesity. In Rhode Island, greater maternal depressive symptoms were associated with negative family food behaviors, but not with the weight of preschool children [30] . Emotional feeding behavior (i.e., offering food to soothe a child's negative emotions) was the characteristics of parents most related to child emotional eating; treatment of overweight children who engage in emotional eating may be improved by targeting parental feeding practices [31] . Some strategies used by children in response to food insecurity may increase their access to affordable foods, but also ones with low quality. Feelings of tiredness and weakness may relate to decreased motivation or energy to engage in physical activity.
Parents try to protect children from food insecurity, but often do not succeed, and children try to protect their parents and siblings [25 • , 28 •• ]. Parents have many goals for children, including security and certainty, safety, nutrition and health, education, emotional and social development, family cohesion, and belonging and acceptance. Parents have to make trade-offs among these goals, particularly when there is social disadvantage. For example, if the only way a parent can feasibly help a child feel normal (i.e., belongs) is to take the child to a fast-food restaurant, then belonging and acceptance is being tradedoff against nutrition and health. This pattern over time could increase the risk of obesity among the economically and socially disadvantaged.
Food Environment, Food Insecurity, and Obesity
Industrial food processing is part of the food environment, playing a role in shaping global food systems, supplies, and thus dietary patterns worldwide [32] . The food environment has evolved along with the pandemic of overweight and obesity, and the influence of the food environment remains underappreciated. The food supplies of highincome countries, urban settings in low-and middleincome countries, and even rural areas of many middleincome countries increasingly consist of food products that are mass-produced, branded, processed, and heavily advertised. These industrial products include mass-produced and inexpensive breads, buns, cakes, breakfast cereals, cookies and biscuits, candies, sweetened fruit preserves, syrups, condensed milk, soft drinks and other beverages with high sugar content, meat, lard, cheese, and other dairy products. Because of affordable prices, these ready-to-eat and convenient foods and drinks are selectively eaten by the socially disadvantaged [33] [34] [35] . Also, some of these foods may be eaten in response to the stress that disadvantaged people experience, reflecting differences in personal and behavioral factors between overweight or obese and lean or normal women. For example, one obese woman participating in a focus group of lowincome women of mixed race/ethnicity in urban Minnesota reported: ''I get depressed with not having a job or income. Like me being young and being by myself taking care of my kids, I go straight to foods that comfort me'' [36] . Caregivers who were food-insecure compared with those food-secure reported significantly more foods in the home that might promote obesity, more frozen foods that were microwavable or quick to cook, and less healthful foods in the kitchen [37] .
Taxes on unhealthy foods and food constituents such as sugar have been proposed to prevent excess consumption of foods with high energy density and obesity. High taxes would have the greatest impact on adolescents, persons of low socioeconomic status, and populations at risk for obesity [34] . In the US, statistically significant associations were found between prices of food and restaurants and weight; the associations were small in magnitude, but were larger for groups with low socioeconomic status and at risk for overweight or obesity [33] . In Mexico, caloric sodas are one of the top beverages consumed; a 10 % tax on high sugar-sweetened beverages has been enacted [35] . Modeling of the potential effect of taxes on food in Australia showed effectiveness and cost-saving, with reduced weight, disease, and cost [38] . Use of tax policy to reduce consumption of unhealthy food and prevent obesity is new and largely untested. Such policies may have a differential effect on low-income populations that have high prevalence of food insecurity. How these policies will be received and how they will affect children is not well understood.
Life Course and Cumulative Inequality Perspectives
Life course theory provides an important perspective through which we might understand the association of food insecurity and obesity [39] . Life course theory posits that what happens during one moment in life influences what happens later. It emphasizes life transitions, trajectories of actions, and timing of life events in relationship to historical changes and present contexts.
There have been no true studies of the association of food insecurity and obesity from childhood to adulthood from a life course perspective. Study of poverty and obesity provides an example, however, of how food insecurity might operate over the life course. Poverty or welfare receipt in childhood is associated with adult obesity for females but not males, whereas other measures of socioeconomic disadvantage (e.g., neighborhood poverty, low parental education) are associated with obesity in both males and females [40] . Poverty may impact female obesity through the mediating effects of physical inactivity, inadequate sleep, skipping breakfast, and certain forms of parental monitoring.
There have been a few studies of physical activity and obesity from a life course perspective. Early physical activity promotes lower prevalence of chronic diseases in adulthood [41] . In Canada, body mass index, but not physical activity, tracked well over 22 years from child to adult [42] . In Norway, childhood physical fitness was inversely associated with obesity in early adulthood, but this association diminished markedly into middle age [43] . The relevance of these studies is potentially enhanced with findings that food insecurity reported by Venezuelan children is associated with altered patterns of daily activities (particularly work activities) and physical activity [23] , and that household food insecurity reported by US adults is associated with lower physical activity in both adults and children [44] .
Longitudinal and qualitative studies are needed, but thoughtful cross-sectional studies may also be useful. For example, among Mexican mothers with low schooling (i.e., not completed primary school), greater wealth was not associated with greater child height, but was associated with a greater maternal weight [45] . Among mothers with higher schooling, greater wealth was associated with greater child height, but not with maternal weight. That is, maternal schooling prevented the negative association of wealth with maternal weight. In another example, analysis with cross-sectional data in Brazil has clarified that household food insecurity is associated with obesity differently over the life course in females [46] . Food insecurity was not associated with obesity in children, but was associated with obesity in female adolescents and adults.
A longitudinal analysis in US children illustrates how taking a life course perspective may shed light on how food insecurity is associated with obesity over time [47] . US children were followed from kindergarten to eighth grade, with measurements at five time points. Female children living in a food-insecure household during kindergarten had a somewhat smaller body mass index compared to female children in food-secure households. Over time from kindergarten and eighth grade, female food-insecure children had greater gains in body mass index, with the result that in eighth grade, body mass index was slightly higher in food-insecure females compared to food-secure females. Thus, food insecurity modestly but significantly was associated with greater gains in body mass index in female children, insight that could not have been gained by a study at just one point in time.
Related to life course theory is cumulative inequality theory, which posits that advantage established in early life results in greater accumulation of opportunities and resources that put already advantaged individuals in a better position to delay the onset of illness. As a result, health disparities between advantaged and disadvantaged groups widen as individuals age. An example of cumulative inequality theory as applied to development of obesity is a longitudinal study that showed that there are large differences in body mass index in the US among whites, blacks, and Hispanics from ages 16 to 44 years [39] . Within each racial/ethnic group, study participants with fewer years of schooling had higher body mass index than participants with more years of schooling. When the differentiation was made by the years of schooling of the participants' mothers, however, the differences in body mass index were markedly greater. These results suggest that the cumulative effect of inequity represented by mothers' years of school had a large effect on the body mass index of the offspring.
These perspectives about the life course and cumulative inequality over time fit with the recently elaborated unified theory of child development [48] . This theory combines models for personal change over time, the expanding influence of context as a child becomes older, and transactional as well as self-regulation. Transactional regulation means the ''continuous dynamic interactions of the child and the experience provided by his or her social settings.'' Food insecurity is a salient feature of the social setting of many disadvantaged children.
Needs for Future Research
Several questions are important to answer in future research. First, we need to understand better the mechanisms and consequences of child experiences of food insecurity (and effects in childhood) for later well-being (i.e., on food choices, economic welfare, and physical and mental health). Second, why and how do these consequences occur, i.e., what are mediators and modifiers? Third, are effects of child experiences of food insecurity cumulative? Fourth, why are food insecurity and obesity associated for women but not men? Does this gender difference originate from childhood, how does the gender difference relate to social norms and different contexts, and what is the relative contribution of weight gain from pregnancy? Addressing these questions about gender differences will spur further thinking on the likely important mechanisms. Fifth, particularly important from a policy perspective, how can food assistance contribute to preventing both food insecurity and its potential consequences, including obesity?
Conclusions
Food insecurity is detrimental for children, and child experiences of food insecurity may have long-term adverse effects. Economic and social disadvantage results in both food insecurity and obesity. The coexistence of food insecurity and obesity is well founded in understanding that people living in poverty are disadvantaged in many ways, and it is a myth that this coexistence is paradoxical [3] . From both scientific and policy perspectives, it is not important to know if food insecurity causes obesity contemporaneously. Both food insecurity and obesity are consequences of disadvantage that should be prevented [49] . An important policy concern for the association of food insecurity and obesity is that food assistance may be seen as not needed and as exacerbating the association [6 • ]. Food assistance is an important aid for families and children to ensure adequate food, an aid that is responsive to changing economic conditions [50] . We do not know how the decision to accept food assistance or to receive it affects uncertainty (with its associated anxiety and worry) and other emotional mechanisms by which food insecurity may be linked to obesity. Development of strategies for having food assistance contribute to improving the nutritional quality of the food consumed is also important in the context of helping the entire population achieve healthy weight, regular physical activity, and obesity prevention.
Parents, who provide the immediate social environment for particularly young children, have an important role to play as caregivers to mitigate effects of food insecurity on children and to promote healthy weight. The presence of a caregiver whenever a child eats, not just at meals, and better food resource management skills by parents may promote healthy weight in low-income preschoolers [29] . Pediatricians, school personnel, social workers, coaches, and other professionals in contact with children also can play a role. Assessment of child food insecurity by professionals might provide crucial information to alert them to food-related problems experienced by the child. Assessment should use children's own reporting of their experiences. A small set of items assessing child awareness of and responses to food insecurity has proven accurate [29] and is available from the first author. These items may provide information that is useful for determining effective actions, the choice of which might depend on the aspects of child food insecurity experienced.
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